Data are available on OSF (<https://osf.io/vz7y4/>). The exception is video data from study 1, which cannot be made available without breaching the confidentiality assured to research participants. This data could be made available for research-related purposes (pending a request to the authors, who will need approval from the IRB prior to releasing videos).

Introduction {#sec001}
============

Excessive consumption of sweet-tasting foods is arguably an impulsive behavior with large implications for human health. There is growing worldwide concern about obesity and related health problems, including diabetes, heart disease, and certain types of cancer \[[@pone.0166931.ref001]\]. In the last two decades, obesity has become one of the leading contributors to mortality in developed nations. It is estimated that obesity costs the United States alone nearly \$73.1 million per year in productivity and \$209.7 billion per year in health care \[[@pone.0166931.ref002], [@pone.0166931.ref003]\]. If physical pain, an almost daily experience, increases consumption of sweet-tasting foods (which often contain high amounts of added sugar), there could be serious health and economic consequences.

Physical pain has typically been approached from a biological perspective, with relatively little experimental work available on the behavioral and cognitive consequences of physical pain. In contrast, the consequences of social pain have been extensively explored in the last several decades. Social pain represents an unpleasant emotional response that occurs in reaction to separation from people or groups, and has been associated with multiple changes in behavioral and cognitive outcomes \[[@pone.0166931.ref004], [@pone.0166931.ref005]\]. Although physical and social pain are not synonymous, they both engage similar neural circuitry \[[@pone.0166931.ref005], [@pone.0166931.ref006], [@pone.0166931.ref007]\] and both types of pain can result in aggression and temporary numbness to subsequent physical pain \[[@pone.0166931.ref008], [@pone.0166931.ref009]\]. Such findings have resulted in theoretical conceptualizations that social pain and physical pain overlap in the sense that they share similar antecedents and consequences \[[@pone.0166931.ref004], [@pone.0166931.ref009]--[@pone.0166931.ref011]\].

One of the more serious consequences of pain is its potential to impair choice. The tendency to rely on impulse to make choices, rather than systematic analysis, underlies numerous behaviors with individual and societal impacts, including addiction, gambling, overeating, and poor health behavior \[[@pone.0166931.ref012]--[@pone.0166931.ref014]\]. Social pain has been demonstrated to increase a variety of poor choices related to impulsive processing, including consumption of unhealthy foods, preferences for immediate gratification, and procrastination \[[@pone.0166931.ref008], [@pone.0166931.ref015], [@pone.0166931.ref016]\]. One explanation for the impact of social pain on choice is that the experience of pain depletes resources that are required for self-control, resulting in people giving in to their impulses \[[@pone.0166931.ref017]\]. According to the resource model of self-control, the resources required to regulate behavior are limited and consequently people will make poor choices when their regulatory resources have been depleted (e.g., \[[@pone.0166931.ref018]\]). Consistent with the proposition that social pain impairs behavior because of reduced regulatory resources, people high on social anxiety, who are particularly likely to devote limited resources to rumination about social situations, consumed more of an unhealthy food than others after being socially rejected \[[@pone.0166931.ref019]\].

Because of the overlap between social and physical pain, there is reason to expect that physical pain will similarly impair choices related to impulsive processing. As with social pain, there is some evidence that chronic and acute physical pain can increase preferences for immediate gratification \[[@pone.0166931.ref020]--[@pone.0166931.ref022]\]. Impaired choice on tasks related to impulsive processing could result from physical pain as a result of overburdened regulatory resources, particularly for chronic pain \[[@pone.0166931.ref004]\], although this possibility has not been directly tested. However, there are reasons to expect that the effects of *acute* physical pain on choice could be driven by a process other than reduced regulatory resources.

Although social and physical pains have many similar antecedents and consequences, there is an important distinction between them that could result in different processes driving choice following the experience of acute pain. People devote cognitive resources to ruminating about social pain in a manner that they do not ruminate about physical pain \[[@pone.0166931.ref019]\], and thinking about past social pain reinstitutes the experience of pain whereas thinking about past physical pain does not \[[@pone.0166931.ref023], [@pone.0166931.ref024]\]. Thus, while acute physical pain might commandeer attention as it is experienced, these demands would typically reduce immediately after the end of the painful experience \[[@pone.0166931.ref025]\]. Because of this reduction in regulatory demand after the end of a painful experience, acute physical pain might not impair choice because of depleted regulatory resources.

Indeed, there is an alternative process that is likely to impair choices related to food consumption following acute physical pain. Pain could impair choice because it alters the value assigned to sweet-tasting food. There is evidence that consumption of sweet-tasting food (i.e., high in sucrose), actually does impact the experience of pain. For example, consumption of sweet-tasting foods increases pain tolerance through endogenous opioid activity in the brain \[[@pone.0166931.ref026]--[@pone.0166931.ref028]\], and opiate receptor antagonists (e.g., naloxone) can reduce the hedonic value of sweet-tasting foods \[[@pone.0166931.ref026]\]. As a result of this connection between consumption of sweet-tasting foods and pain reduction \[[@pone.0166931.ref029]\], the value assigned to foods high in sucrose might increase in conjunction with the experience of acute physical pain, with people enacting this heightened value by consuming more sweet-tasting food after pain experiences. Interestingly, evidence suggests that pain could increase consumption without altering self-reported liking of the stimuli. People demonstrate increased motivation to attain rewards during pain, but self-reports of liking are not changed \[[@pone.0166931.ref030]\], and after the experience of pain the typical relationship between self-reported liking of a food and consumption is disrupted \[[@pone.0166931.ref031]\]. The possibility that recent pain experience could change the hedonic value of unhealthy foods is also consistent with predictions derived from prospect theory, in that the value placed on outcomes is relative to one's current standing \[[@pone.0166931.ref032]\]. Accordingly, it might be that acute physical pain results in greater consumption because people place greater value on the sweet-tasting food.

The present investigation is the first to examine the effects of acute physical pain on consumption. Based on findings that pain can increase impulsive decisions and that sweet-tasting food has analgesic properties, we predicted that acute physical pain would increase consumption of sweet-tasting food.

Study 1 Materials and Methods {#sec002}
=============================

Undergraduates in introductory psychology courses were prescreened at the beginning of the semester for circulatory disorders and liking of cheesecake, rated on a scale from 1 (*hate*) to 5 (*love*). Those who reported no history of circulatory disorders (who could be injured by the pain task), and who did not dislike or hate cheesecake (which would influence the outcome measure), were invited to participate (*n* = 70; 18.61 years old, 65% women). A power analysis revealed that this sample size had sufficient power (1-β = .95) to detect medium to large effects (.04). The anticipated effect size was consistent with prior investigations on the effects of negative emotion on consumption \[[@pone.0166931.ref019]\]. Study and consent procedures were approved by the Texas A&M University IRB. No minors were included in any study. Participants provided written consent to participate in all studies. Data for studies is available at <https://osf.io/vz7y4/>. Videos are not publicly accessible because participants are identifiable.

Pain was induced through a cold pressor task, a common method of inducing pain that involves immersion of the hand in cold water, creating an aching or crushing pain that rapidly increases in intensity \[[@pone.0166931.ref033]\]. Participants were randomly assigned to place their non-dominant hand in a bucket of either room temperature or freezing water (held at 0 degrees Celsius; conditions ran so that the same water temp could be used in session blocks). They were asked to leave their hand in the water for two minutes (five participants withdrew their hands early but were included in analyses because the manipulation of pain, although shorter, was effective). At the end of the two minutes they rated their current level of pain on the Numeric Pain Intensity Scale (NPIS) from 0 (*no pain*) to 10 (*worst possible*), and on the Wong-Baker FACES scale from 0 (*no hurt*) to 5 (*hurts worst*) \[[@pone.0166931.ref034]\]. The pain manipulation was effective, as participants felt more pain on the NPIS in the pain condition (*M* = 5.09, *SD* = 2.49) than in the control condition (*M* = 0.50, *SD* = 0.92), *Levene\'s F* = 18.51, *p* \< .001, *t*(42.21) = 10.03, *p* \< .001, *d* = 2.47, 95% CI \[1.75, 3.18\] and on the FACES scale (*M*~*pain*~ = 2.58, *SD* = 1.18, *M*~*control*~ = 0.16, *SD* = 0.37), *Levene\'s F* = 33.21, *p* \< .001, *t*(36) = 10.91, *p* \< .001, *d* = 2.69, 95% CI \[1.90, 3.46\].

Immediately after rating their pain, participants were given an opportunity to consume a sweet-tasting food--cheesecake---and they were led to believe this was not part of the experiment. They were told there was a delay in setting up the next task and they could have a slice of cheesecake while they waited. If they refused the cheesecake, the experimenter told them they would leave it on the table anyway, in case the participant changed his/her mind. The participant was then left alone with the cheesecake and a fork for 6 minutes (pilot testing indicated that if participants did not consume the cake within this time frame, they were unlikely to do so later). The weight of the cheesecake was measured on a digital scale before and after the study. Following the standard used in previous studies that measured consumption by weight using similar methodology \[[@pone.0166931.ref019]\], weight difference scores were transformed by rank using Blom's formula to correct for skew (the inferences that can be made from analyses remain identical without this correction). While alone in the room, participants were surreptitiously video recorded for later coding of number of bites taken by two independent coders blind to pain condition (*r* = .96). At the conclusion of the study, participants rated how motivated they were to resist eating the cheesecake on a scale ranging from 1 (*extremely unmotivated*) to 7 (*extremely motivated*), and completed a suspicion check and process debriefing. In general, participants reported that they were motivated to resist eating the cheesecake (*M* = 3.50, *SD* = 2.07), compared to a rating of four indicating no motivation, *t*(61) = 1.90, *p* = .062, *d* = .24, 95% CI \[-.01, .49\], suggesting they were trying not to consume this sweet-tasting food. Five participants reported suspicion that the cheesecake was part of a study on pain, and they were retained in the interest of being inclusive (results were similar without them).

Study 1 Results and Discussion {#sec003}
==============================

Participants in the pain condition ate significantly more cheesecake based on the weight difference before and after (*M* = 0.30, *SD* = 0.16) than participants in the control condition (*M* = 0.20, *SD* = 0.17), *t*(68) = 2.38, *p* = .020, *d* = .57, 95% CI \[.09, 1.05\]. Participants in the pain condition also took significantly more bites of cheesecake (*M* = 0.20, *SD* = 0.12) than participants in the control condition (*M* = 0.13, *SD* = 0.13), *t*(56) = 2.01, *p* = .049, *d* = .53, 95% CI \[.002, 1.05\]. These results demonstrate that the experience of acute physical pain can increase consumption of sweet-tasting food.

Study 2 {#sec004}
=======

The obvious question that arises from the findings of Study 1 is whether the effects of pain are unique to the consumption of sweet-tasting food. To find out, consumption of both sweet and non-sweet food was examined in Study 2. A secondary question that arises from the findings is: why are people eating more sweet-tasting food when in pain? There are two alternative explanations for increased consumption following acute physical pain: 1) mood improvement, or 2) impaired regulation. From a mood improvement perspective, the experience of pain would increase consumption of sweet-tasting foods because people believe eating such foods will make them feel better \[[@pone.0166931.ref016]\]. This expectation is particularly likely for consumption of sweet-tasting foods, given that they actually have analgesic properties. In contrast, from an impaired regulation perspective, holding one's hand in painfully cold water and curtailing the consumption of sweet-tasting foods both require limited regulatory resources \[[@pone.0166931.ref008], [@pone.0166931.ref035]\]. If the pain manipulation depleted these resources, it would leave people unable to resist the temptation of sweet-tasting foods. Study 2 included a self-report scale of emotional eating and a depletion condition to tease apart the importance of expected mood improvement or resource depletion in consumption of sweet-tasting food. We also included a measure of trait self-control to capture differences in the tendency to exert control over impulses. Hypotheses for this study were preregistered at [osf.com](http://osf.com). Study and consent procedures were approved by the Texas A&M University IRB. No minors were included in any study. Participants provided written consent to participate in all studies. Data for studies is available at <https://osf.io/vz7y4/>. Videos are not publicly accessible because participants are identifiable.

Study 2 Materials and Methods {#sec005}
=============================

Undergraduates participated in the study (*n* = 159; 18.42 years old, 74% female). Rather than prescreen for circulatory disorders, participants who indicated such an issue were reassigned to a non-pain condition if necessary. The sample size was set in advance at 150 participants (50 per condition), and data collection was terminated as soon as possible after this number was reached.

Participants were randomly assigned to one of three conditions: the pain condition involving the cold pressor task described in Study 1, the no pain condition involving the warm water task in Study 1, or the depletion condition. In the depletion condition, participants held a hand-squeeze device for two minutes, with a foam ball held in the handle so it would be evident if they released their grip \[[@pone.0166931.ref036]\]. This manipulation has been used previously to induce depletion of regulatory resources \[[@pone.0166931.ref018], [@pone.0166931.ref036]\]. Participants rated their pain or strain (in the depletion condition; scale points were changed to reflect "strain" instead of "pain") afterward. Preliminary analyses revealed a main effect of condition on the NPIS ratings and the FACES scale, consistent with an effective manipulation, *F*(1, 155) = 107.19, *p* \< .001, η^2^ = .58, and *F*(1, 155) = 138.78 *p* \< .001, η^2^ = .64, respectively. Participants reported more pain on the NPIS and the FACES in the pain condition (*M*~*NPIS*~ = 4.93, *SD* = 2.30; *M*~*FACES*~ = 2.84, *SD* = 1.14) than in the no pain condition (*M*~*NPIS*~ = 0.15, *SD* = .45; *M*~*FACES*~ = 0.07, *SD* = 0.26), *Levene\'s F* = 86.40, *p* \< .001, *t*~*NPIS*~(54.80) = 14.75, *p* \< .001, *d* = 2.85, 95% CI \[2.19, 3.50\], *Levene\'s F* = 57.11, *p* \< .001, *t*~*FACES*~(56.27) = 17.03, *p* \< .001, *d* = 3.29, 95% CI \[2.57, 4.00\]. Participants also reported more strain on the NPIS and FACES in the depletion condition (*M* ~NPIS~ = 2.64, *SD* = 1.77; *M*~*FACES*~ = 1.44, *SD* = 0.92) than pain in the no pain condition, *Levene\'s F* = 59.80, *p* \< .001, *t*~*NPIS*~(57.41) = 9.88, *p* \< .001, *d* = 1.93, 95% CI \[1.04, 2.44\], and *Levene\'s F* = 81.73, *p* \< .001, *t*~*FACES*~(59.14) = 10.36, *p* \< .001, *d* = 2.02, 95% CI \[1.49, 2.55\].

Consumption was assessed through a \"taste test\" paradigm, in which participants were asked to provide ratings of the qualities of two foods. The foods were skittles (sweet-tasting option) and raisins (less sweet option), and participants were encouraged to eat as much as needed to make their judgments. The bowls containing the food items were weighed before and after the taste test task, and participants were instructed that they would have 6 minutes to make their judgments. After the taste test, participants completed questionnaires on a computer, including demographics questions (gender, age), the Emotional Eating Scale \[[@pone.0166931.ref037]\], the Brief Self-Control Scale \[[@pone.0166931.ref038]\], and the Ten Item Personality Inventory (TIPI) \[[@pone.0166931.ref039]\].

Study 2 Results {#sec006}
===============

A mixed ANOVA was conducted with condition (pain, no pain, depletion) as the between-subject factor and differences in grams of each food type consumed (high-sweet, low-sweet) as the repeated measure. Results revealed a marginal main effect of condition, *F*(1, 155) = 2.94, *p* = .056, *η*^2^ = .036, and a main effect of food type, *F*(1, 155) = 29.67, *p* \< .001, *η*^2^ = .16. These main effects were qualified by a significant interaction, *F*(1, 155) = 3.15, *p* = .046, *η*^2^ = .039. As shown in [Fig 1](#pone.0166931.g001){ref-type="fig"}, participants who were in pain consumed more high-sweet food than participants in the no pain condition, *Levene\'s F* = 7.29, *p* = .008, *t*(68.16) = 1.92, *p* = .059, *d* = 0.37, 95% CI \[-.01, .75\], or the depletion condition, *Levene\'s F* = 7.99, *p* = .006, *t*(67.94) = 1.95, *p* = .056, *d* = .38, 95% CI \[-.01, .76\]. The pain condition did not differ from the other conditions in consumption of low-sweet food, *t*(105) = 0.13, *p* = .893, *d* = .03, 95% CI \[-.35, .40\], and *t*(102) = 0.89, *p* = .374, *d* = .17, 95% CI \[-.21, .55\]. Overall, the results support an account that participants in pain consume more sweet-tasting food in particular.

![Participants in pain consumed more sweet-tasting food than participants in the no pain or depletion conditions.](pone.0166931.g001){#pone.0166931.g001}

As can be seen in [Fig 1](#pone.0166931.g001){ref-type="fig"}, there was also greater variability in participants\' consumption of sweet-tasting food in the pain conditions than in the other conditions or for the non-sweet food option. We therefore also investigated two potential moderators of consumption of sweet-tasting foods when in pain---the tendency to engage in emotional eating and trait differences in self-control. Because we were only interested in explaining variation in consumption in the pain condition, we limited analyses to this condition, and the moderator variables were entered into separate linear regressions as predictors of the amount of sweet-tasting food consumed. Self-reported tendency to engage in emotional eating did not predict consumption in the pain condition, β = .15, *t* = 1.08, *p* = .285. Trait self-control marginally predicted consumption in the pain condition, β = -.27, *t* = -1.99, *p* = .052, with lower trait self-control predicting greater consumption of sweet-tasting food.

Conclusions {#sec007}
===========

Like social pain, acute physical pain impaired choice in the present investigation in the sense that it resulted in increased consumption of sweet-tasting food that participants reported they desired to avoid eating (e.g., \[[@pone.0166931.ref019]\]). This finding may have important implications for public health, given that physical pain is a common daily occurrence and that there are many people living with chronic pain which is accompanied by periods of acute pain \[[@pone.0166931.ref040]\]. If physical pain, an almost daily experience, increases consumption of sweet-tasting, frequently unhealthy, foods, there could be serious health and economic consequences. There is growing worldwide concern about obesity and related health problems, including diabetes, heart disease, and certain types of cancer \[[@pone.0166931.ref001]\], costing billions per year in lost productivity and health care \[[@pone.0166931.ref002], [@pone.0166931.ref003]\].

The results were not consistent with accounts that people consume more following pain because they have depleted their regulatory resources, as consumption was not increased in the depletion condition and was specific to sweet-tasting food. Instead, a self-report of the degree to which participants habitually controlled impulses predicted consumption of sweet-tasting food when in pain. Thus, people who have lower habitual self-control consumed more of a sweet-tasting food, suggesting that those high in self-control can resist the temptation to eat sweet-tasting food even when experiencing acute physical pain. Increased consumption of sweet-tasting food when in pain could be driven solely by changes in psychological motivation, but it is possible that changes in the value placed on sweet-tasting food are based in biological changes associated with pain. For instance, the experience of pain, including through cold pressor tasks such as that used in this investigation, is associated with increased cortisol, which could increase insulin and the desire to consume foods high in sugar (e.g., \[[@pone.0166931.ref041]\]).

These findings suggest that acute physical pain and social pain impact choices related to food consumption through different mechanisms. Social pain has been demonstrated to impact choice because it depletes regulatory resources (e.g., \[[@pone.0166931.ref019]\]). The present investigation reveals that this is not the case for physical pain. Of course, this was demonstrated with one manipulation that depletes regulatory resources and would need to be replicated with other manipulations, including those that reduce cognitive resources specifically. While this finding might at first appear inconsistent with models that physical and social pain share similar antecedents and consequences, most of those models have focused on chronic physical pain (e.g., \[[@pone.0166931.ref004]\]). Acute physical pain, the focus of the present investigation, is unlikely to trigger rumination, and thus to require cognitive resources, after its occurrence---once the pain ends, people generally stop thinking about it. In contrast, chronic physical pain is likely to continue to place a load on limited cognitive resources because it, by definition, does not end. Similarly, social pain, including acute social pain, often triggers rumination over the experience of rejection and therefore is likely to continue to load cognitive resources even after the end of the experience \[[@pone.0166931.ref019], [@pone.0166931.ref042]\]. Thus, the present findings also highlight an important distinction for models of the overlap between physical and social pain. Acute physical pain could have different consequences than acute social pain in any situation where the consequences are tied to the availability of regulatory resources.

That said, empirical evidence is steadily emerging that changed valuation of positive experiences can also affect consumption following acute social pain. Hayman, McIntyre, and Abbey \[[@pone.0166931.ref043]\] investigated the effects of social exclusion on emotional eating in African American women. Participants who were excluded based on race, compared to included participants, reported feeling more negative affect and consequently ate more potato chips. Similarly, Hales, Williams, and Eckhardt \[[@pone.0166931.ref044]\] tested whether alcohol intoxication dulls the pain and distress felt following acute social pain. The results indicated that alcohol intoxication reduced self-reported pain after exclusion. Furthermore, relying on stress-coping theory \[[@pone.0166931.ref045], [@pone.0166931.ref046]\], Gerrard and colleagues \[[@pone.0166931.ref047]\] demonstrated a relationship between social exclusion attributed to racial discrimination and increased willingness to use drugs or narcotic substances. Altogether these studies present a convincing pattern that links encounters of acute social pain to a desire to ingest experientially positive stimuli. Thus, in addition to reduced regulatory resources, social pain might impact consumption through changes in the hedonic valuation of positive experiences, as is the case with physical pain. Further work is needed to identify the mechanisms through which different types of pain influence choice.

The present investigation reveals that changes in the valuation of hedonically positive food can follow from painful experience, as reflected by increased consumption. People do attempt to eat the pain away, likely based on previous experiences with certain foods having an analgesic effect after painful experiences. Given the availability of sweet-tasting foods, this increased consumption after pain has potentially deleterious consequences for health, especially for those with chronic pain conditions.

Thanks to the Emotion Science lab for data collection and entry, and to the Virtue, Happiness, and Meaning of Life working group sponsored by the John Templeton Foundation for inspiration and discussion.

[^1]: **Competing Interests:**The authors have declared that no competing interests exist.

[^2]: **Conceptualization:** KD HL.**Data curation:** KD HL.**Formal analysis:** KD HL.**Investigation:** KD HL.**Methodology:** KD HL.**Project administration:** KD HL.**Resources:** KD HL ACS.**Supervision:** HL.**Writing -- original draft:** KD HL ACS.**Writing -- review & editing:** KD HL ACS.
